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(S4) Method dhici;^90jparatus for controlling starting of synchrohbus mbtbV;: and el0c^^^^ 



(57) A method for QOh^^^ 
nous hiPtpr (^) 1^^^^^ 

capable of coming ihtb ai cdmrnutaitipn mode in a short 
time ijS pro vide^ egrrerit having a •predetermined 

frdq^eopy Is s^^ field OTil (81) of the synchrp- 

n6Msmotor:(8) 
\ jsVTTichrohpM^ ^ detecting;^ t^r^ yoltage 

of^e field c^^^^^^^^ of the synchrpnbus motor (8) at the 
starting time^an<jd cprh- 



ponent based dn^the AQ current supplied by the inverter 
(91) frprtitjfie detected ypltage, the v^^ 
ed so that the voltage wavefpirn based oh 

the counter eleptrompti ve forpe can ; be confirmed (11 0). 
And after integra^^^ the corrected vvayefpnii:(ili) and 
cpnyerting the same into a sqUaire w^^ (112), a phase 
difference between the same (104) and 0n output Pf a 
120° energiz^tibn wayefo^^ Is 
detected to be fed back. 
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.'Pescfipfioii ,v 
BACKORbUND OF THE IhSV^ 
Field of the Invention : 

[0001] The present invention relates to a method and 
-. ah apparatus for cohtrolllhg starting of synchronous ma- 

* tbi; and bspeclaily, to ah apparatusrsuitabl^; for Gohtroi- 
llhjg Startinig bf synehrpnpus moto mounted on a motpr 
vehicle and an elec^ricj Nw^^^^ 
fluid . of ^-iTibtGr vehicle driv^ 

. . paraLtus is applied. Thls.eiectrlc pumpisrlh bpbcrete, an 
eledric:purnp:for 6^^ of a working fluid 

(6\\ br^cthe ]ike)^used Inuaiidiivirig system mounted on 9 
;,m6tof:;y€^hidl^^ s^ 0Vt (Ooritinucjusly ;A/feir|ablfe 

. Transihlssipn) or ian automatid transmlssiioh, or in a 
sj^erinsfisystem 
piihyclr^u^^^ 

, :DesicripJioh of Pri^^ 

jIOOOZ]^;, ArTibrig^. t^ such as^ CVT tb^be 

. : . .irioVhted bn a mbtbr vehlcie, there are oil-hydraulic type. 

frans'rnjssipns in vvh bii is used as a working fluids For 
. ^exkrhple^ in Japanese Unexamined LaidrOpen Patent 
Pujt?llcation such a prior art V/CVT js 

disdosed; 

[0(|4>3] This prior art hais such a^mechanism that, whe 
thelb^ 

j)r^ working fliiid is supplied to an ^u^ 

r^to^ when thW 

; :fbiafipn ^ is ie^sihan the pf ede- 

j:1em1fi^ Is supplied to the atilto- 

: ^ leal jiOmp^a^ 

"llto^ 

V •■:-.;eleic?tnc.;j^ V-A-v - ■<■ :■'-'," 

(000^ in a transmission such as QVT, an v^iectric 
pump has be^n conventionally u^ed \as an auxiliary 
■ . means for supplyihg a working fluid. Further; In an oil 
hydraUliQ pow^ 

alsb uSfd as aii au)iiliary means fprsupplyihg oil .as;a 
wpr^^^ . ; . \ , > : „ . 

ippOS] Otherwisei It niay pbssjble to supply a wbricing •■' 
fluid bhiy by an ejectric pump (that is/the electric punip 
is not Osied for assisting a mechanical pump:but Is used 

• 3s a ;m^ih pymp>1^ iprd^r to fulfill the recent energyrsav- 
ing rbqyl.rei^^ 

foObe] In ari ejeptric piimp for ^upjDlying or assisting 
to supip^ in a driving systern or a 

6te0fing #$tbr^ nipurrtbdvon a i^^^ vehicle, a brush- 

.eqMippe'd^^r^^^ 
drMft|^0^r^ 

^ystbrn:^m^^ a.Jiibtor vehjde^^^^^^^ bri 

englpb rbprb br the like? which is In a high tempenature 
; .enylfbnii^^ an atmospheric temperature of not 

. fe|s than t20 °C. Consequently/there Is^^^^ 



the brush is worn hard and has bniy a short life. 
[0007] iTieiefore, the Invehtprs Ifaye ejcaririjned to use 
a brushless motbr as a driving source of an electric 
pump, A brushlpss motor Is a i^ynchronbus motor rrvade 
5 to ha ve a characteristic pcjuivaleritto that pf a DC motor, 
and it ijs bn 0ppaf atus sriciudjng a syn!chirbnou3 motor 
.anda<iriverfb^^ 

[0008] In brder tb' use a synchronous motor as a 
brushless motor, generally; a sbnsor for detjBcting the 
10 angular pQsitioh of a rotor Is required. An AC eunibnt in 
cbrrespbndehce with an angular posltibb; of t^^^ rotor de- 
tected by the sensor Is generated by an ihyerter bnd 
supplied to a fipid coil, the most brdih^ 
.stituted by a hall elem1ent» but there is a-prPbterri that k - 
f5 Hall elembht has a low degree of 

es it^ furicfiPn/atiab in a $ynT 

chronbus tMibtor inppripb^ blectnc pbrtip, b 

hall element cannp^ 

[0003]^ 1^ ■ 
. 20\ tion have thpUghtbf using 

sehspr as a driying source bfb 
<a pounter eiectromPtiye fc^ 
V .rotbte^^Slnpe^ueh^t^^ . 

a w^>fefpmi ^^c^ 
25 positipn^pf ^the rot^ 

cpunter. blectromptive forcp. Hpwbvbr/ the /invert 
hbye bncounteredb tinie, pf 

the motor; the rojiatipn ratb of the rc^pr is low and t 
cpuntier electipmptive force is smali. ahd therefprei ihb : 
36 ppunifbr^bi^Ptrdmm dbfept and cahnbt 

beUs^d^a^b^pu^i*p^ . 
tPpiO] . In bfter v^^rxJs, a sfen a \ 

■ bnishlesi^ hiotpr become^^ 
ler eledfpm 

35 easily de^^ . 
Into b epmnriutb^^ 
arts^hfek^^ 
brbshlbsb senspHbss 

nripde (In the c^sb pf a brushless sensbriess motor iri^ :: 
40 cbrpor^ted into a hp 
cbnditioner). 

[0011] ^However, 3 m^^ ;^ 
a driving system moiinted bn a mptoif- Vbhlcle is>^trlcf ly 
ps^jqUired that t^^ ^ 
45 bb built up vwthin 0.2 sec, and the starting ability Pf the 
motor in this case is not ni^^ 
[0012] Thls ls bp^^^ 
for ppntrpilihg an aiitb^f^^ 

trah^rhlsslbn is^ siovv, a delayed rbsponse of the tians^* 
50 nriissidn gives bh ppbratbr b feeling of disorder^^ when 
abryptiystbrti^^^ 

•^hlft change or tfe \ '" ; ' ; ^ 

[0013]; Fpr imprbying such a resp 
transrh|sslpn, a>rnethod:ls kribWri wtiich cbm^^^ ' 
55 viding ah accMmulbtpr in an oil pre^ circuit arid al- 
ways applying, a pressure higher than a predetenmiried 
valUe. However jathis case/ab . 
becomes large in size -and therbfore. Is not suftbbib ifo. ' 
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be mounted on a motor vehicle. In addition, it is not pref- 
erable that the-oll hydraulic apparatus.becomes compll- 
. cated and expensive. 

[0.014] Another method for preventing. such a delay of 
response may comprise preparing for ajbru^t starting or 
the like fay keeping the oil pressure higher than a preidet- 
temnined value even at the stopping time of the motor 
yehicje. Hoyvever. fo^^^ elec- 
liic piimp rhust be operat^ 0ven at the stopping time 

. of the niotor vehicle, Which i^ from the 

yiewpbint of reduction of e^ 
[OOiS] the preWrit Ihyention ha 
such a background. And an qbjebt of the present Inven- 
. tion Is to provide a rtiethod iand an apparatus for 6on- 
trblling starting of a syhchronqus'motpr iri.v^rf^^^ syn- 

. chrphous motor can start iri .a very short. time. 
[001 (BJ AnpthiBr object, orthe fjries^^^^^^^^ 
provide a method and an apparatus for applying a syn- 
chronous motor as a brushles^ sehsprie«s rilbtbr v^^^ 

"is a drivirig source of an electric purnp for cpntrbliing a 
vw)rking fluid. ^ 

[0017] A further object of the present inyentlbh is to 
provide an electric pum controlling a wbrkirig flgid 
iised in a driving systerti mounted bn a mqtor ybhicle iri 
* vyh'ich a brushless sensbrfe^s rnptor is a driving source. 

SUMMAlRYbFTM 

[0018] tliie j}reseht inventjon a method 

and an apparatus for controifin^ s^^ 
■nous motor haying an arri)ature (rotorf and a field coil 
. (^tatipnaiy part), comprising steps of ^s^ the syn- 
chronbus niotor by supp^^ a 
predetertnined friequency to^^t^ 

nous nibtqr by gni Inverter, detecting a teiiirii voltage 
oif the field synchronous mbtbr at the time of 

starting; d(6cr6^^^ voltage waveform (x>mponent 
based on the AC current isup^Iied by the Inverter, fr^ 
the detected yplt9ge, correcting a Wavefbrm so that a 
voltage Wayefpnri cprnppnent based ph a counter elecr. 
trorhotiye force dan be confirmed, and generating a con- 
trpl^ignal to be supplied to the inverter 
rected voltage Waveforrn, ' 

[001 &] r Th^ waveform correptirig mean^ can use a cir- 
cuit for decreasing influ of thb vpllage wsivefohri by 
.decreasing the voltage waveform component based on 
the AC current supplied by the inverter frprn the detected 
voltage which is a composite \A/ayefbrm consistirig the 
voltage waveforrh based on the AC curreht supplied by 
the iriverter 3nd the voltage: wavefonini based op the 
cpuriter electrbmotiVe force of the syncrironous mptpr 
[0020] The wavefbmfi correcting mearis includes, a 
voltage dividing cirpuit having at least Wo series circuits 
of resistive elements eacK^ of 
the .synchrbnous motor and ah additibnal resistive ele- 
ment selectively connected in paraf to. one of the re- 
sistive elenients of the vpKage diS/ldirig circuit, and the 
additiphal resistive elenieht has such a structure that its 



connectlbh/disconnection . is changed over in corre- 
sppndehca Wtth the output waveform of the 
[OOiZi] The present Invention as claimed in cla^^^^ 
: further directed to an electric pump for controlling a 

5 worklrig fluid used iri k driving system pr a steering sysr 
tern of a motor vehicle, which includes a pump body for 
transfen-ing the working fluid, a synchrpripUs.motbr for 
rotiating the purnp body and a driver of the syribhfbnous 
niotpr, and the apparatus for cohtrplljng 

io claimed in any of clainhs 2 tp 4 is adopted in said driver 
of the . synchrpnous motor. 

[0022] Acbprdipg to the. present inventionrthough^^ 
couriter elecfrbmptlve.fprce Is shiall at the starting time 
of the synchronous motor, a structure js providec! so that 

15 the small counter plectrornotive force "pan be surely de* 
tected/That js^as shpvm In Fi^^^^ 
of the synchronous motor, an AC current of a low fre- 
quency is supplied to the lleld coil frorn the inverter, and 
the arrn^ture (rotor) is vyithdr:awn and begins to rotate, 

20. When the a^rmature rotates, a cpunter electrbniotive 
force is generated, and the amplitude of the couriter 
electrohnotive force becomes large with the rise of the 
rptationpf thp alrnatgrb. The teritiiri&l Voltage of the fijeld 
coil is a bqrriposite Wavefbrm cpn^sistin^ a voitage wave- 
form based x)ri ah AC currerit supplied by the inverter 
and a voltage waveform based on the. bounter 
motive force (Fig. 1B).. ^ - 

[0023] Generally, this Waveform is integrated in an inr 
tegrating circuit arid 

30 eyer, it is disadvarita^eou 

based on the cpunter electro srpall, the 

counter eieptfombtjy^ iorce conrtpbrieilt has little influ- 
erice Ph the integraW^^ compoisite wave- 

fpnri Is integrated. 

35 [ob24] That is, the voitage based on t^^^ 

trpnriotiy^ force leads its phase, in comparison with the 
wayeform' based on the applied AC current, but the . 
■ phase lead of the counter electromotive force cannot be 
detected. . . v . 

40 [00251 . Cpnsequeritiy;^ according tp the fjresent Ihven- 
tibn, since the waveform based Ph the AC cu 
plied byjtti0 Inverter is a waveform putputted by the ih- 
ybrter itself and therefore, is already known, such a 
stmcture is ihybntpd that, by eliminating said waveform 

45 frorri -the composite wavetbrrfi, the counW 
five >fbrce borriponent becomes apparent. 
[0026] With such thp stmcture,,the vyavefbrm given to 
the jritegratihg ' cirpgit is as shown in Rg.lC, and this is 
a waveform in which the waveforrn based on the e • 

50 .electromptiVe force becbm^ 

[0027] TTierefore, eyen When, tfie rotatibh rate of the - 
arrriature (rptor) is lovy at the starting time pf the syn- 
chronous motor, the phase difference (phase lead) of . 
the cqrriponeht based on the counter electromotive 

55 force c^ri bp reflected^b^^ 

the inverter,, and the syncHrohous motor can come Into 
a commutation mode (sensoriess rinode) in a short time 
Immediately aifter the starting. . 
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[PD28J Ais a result,; according to thepres^nt invention, 
. Ihefe can/be provided ia method and ah apparatus for 
. cpntroTling starting of a synchronous motor having an 
. . excellent starting ability and capable of cbming irttb a 
cdmmytationmod^^^ 5 
: [002?] Further, :a^ to the present inveritidn, 

t^ere can be prpv|(j^^ a circuit for controlling starting of 
a-^yhpHr6nou$ rnpto^ 
; el6dn6:pum^^ 

' temVpr t^ ^ 10 

[00^0] Further, ac?cording tp the present inyention, 
.^tlifere c^n be provided oiri electric pump for use in a driv- 
: ing iystern, a steering system or tfie like, which is inex- 
pensive liridha^ an excd 

liOQSi] /By iisihg the electric pufnp; d^c^ tb )he 1.5 
present invention, tjierpii plre^siir^ reaqhbs a predeter- . 
rnined yajue In a short tirfie after stariing of the pump, 
and therefore a traps^^^^ 
deigy b^^^^^ 

ing or^Hift chapg^ 20 
; jafeiEiiing of diso^ :;■ - 

• ldp3q^^:F^ Electric pijm 

, tp the present invehtlOT^^^ 

be pbt^ihed ain^J therefore convehiipoally -requj^^^ dij 

hydriauilp nieah^^ ari oil pressure •accurnulatdr \25. 

■ becomei unriecjessaiy, thus preventing ti^e hydraulic 

apparatus from l30bmihg iargeTSizedl cdmpli^^^ 

ei^pehsiye' Furthermore 
>ratejh6eli?^ 

vehicle, ejiergy^c^^ 30 
; i0p3$] ■ Arrahg^ 

' other bbj ects of the preserit i nyehti on will becorne: ap- 
' .pareril^; frbm^^^^ of embodiments . 

\yith reference to t^^^ 

SBRiEF P^ • ■/ • 

[0034] Fig: 1 is a schehiiati^^ 
/plairijng th0 pnnc^^^^ 

[0(J?5] Fig.-^^^ 40 
; driying system of a m : 
piimp fbr (?ontfib^ ; 
bbdiment of ^^^^ 
■ [0036] Fig. 31s a diagraim showing a cphcrete exam- 
^pie (3f a pirb^ ja synchronous -♦s 

'njo^rW 
- [05^ i^Fig, 41^ ^ circuit diagra 
ex^rnplepf a v^^^ and vyavefbrm coitecting 

.■pite'ij'lt./-.- V'. . ' ■ • ■ " ' ■■' 

iiopi^,. ^19 sr^P^^f^rt^ example of nfieasT . -so 
ur^ment bf birfpui vy^veifbrirh so corf^cted that a vblt- 
.. ade w^ counter elecfrbmotive / 

force: c^n be cpnfin^ ' • 
[0(^9] Fig. 6 is a graf!>h^;Sho\A4ri^ a measiirenient re- 
suit of th^ starting ability of an embodiment of the . 55 
prbseht invdhtibn: 



pESCiFUpjioN! OF THE PRElFERREp ' 
• EMBODlRflENTS / ■ • 

[0040] Npw, embpdimentis of the pre^nt invention 
will be described in the following vyith reference to the 
Appended drawings. , / . ' .■ ~ . 
[6641] Fig. 2 is a schematic strupturaj dlagrarti of a 
driyinjg >ystbm (transmission type driving system) of a 
triotbr vehicle Including an eieciric pumja for bpntrbllihg 
a workihg inuid according to an embpdifnent of the 
present Iriveritlon-. A turning force of ii^h eiigihe 1 Js give^^^ 
to $ main oil pump 3 in^ ih a'trarismtesion 2 
is, during driving of the enigine 1, thp m^in oil pump 3 is 
operated by the erigihe 1^ The main oil pump 3 supplies 
oil to a cohtrpi valve 4, which is an pi| control sectioh. 
And the cprttrol valve '4 giyes-a cpntrpi p^ to 
an iaotuaitbrS to perfbn^ predetermined speed ch^ 
vcpntrbl. ; * V r v;. '-^ ' ' \ '' . ■ ■ 
{604^; > THiif jdrivihg>y$ter^ 
.ry.electricpMn^^^ biectrip pyrrip^ jnplU^^ 
bpd>^7, j^^ puhifi^ bpldy^ and a 

driver S.ftir dHyihg the. rhbtbr8,.and the.dn 9 and the 
rfiptdr 8'are br^e^^ 

[004^ yVlien W 
In rnbhB ponbrete,Totatesi;^^^ 

valve 4, s;b :that 6ie/co pressure and the oil 

amount given to the actuatp^ are changed and a pre-, 
deterrfiiified speed, bharige cohtrpl is pertbrfned. Other- 
' wise; tiie prfedbterttlhed^ s change cohtrbl Is per- 
formed only by the ^ body 7 
■ Pr a conhbinatiphlpf rptetiori control of the^ body 
7^and1hb bbhtror 

UiOMi 1, oil is sup- 

plied to thei^ 

evpr; vyhen the rb^^ isjovv orthe 

engine t i$^?tbppe iiie electric:p^ is operated to 
sijpply bifi^^ 4/ ; " ' 

[604q l/riihe'elei^ 

• ^nsbriessbitjshre^sm . 
nibjipr 8 and the driyer 9: Th^f is, a Syhjchrbnpus motor, 
having no sbiisor for detecting tile angular position of 
its rotor, is Used as th^ rnbtpr 8 
inotor 8 i^ Sjlwaysjli^l^ly ppergited by tiie driVer 

9 so as tb^sho^ characteristic that of a 

^lifrmbterL' .'^ J"' "P" ^^'./-' v'^; 
tpo^ej S^pyi/n in Fig. $.is ati exgm^^ 
clrcuii^tmpture of the driver 9 and thb synchronous r^o^ 
•^pr^i " • ' ■^■[■\' 

(0047] Referring to Fig, 3. a tieid coll 81 of the syri- 
chronbu^ niptor 8 is supplied current from a 

three-phase Inverter circuit 91 , A voltage detecting and 
\rayeform\(k>rre^^^ 

voltage bhhefleld OTji 81/ AW the w^vbforrn Of the de- < 
tected Vbhage Is borfected so thiatthe vbltage waveform 
cornponeht bas^ bri the cbupter elebtromotive force 
banvbe bbnfir^ 

190491 the correct^ ^ 
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. in an integrating circuit. 111, is further converted into 
square waves in a square wave cpnyertihg circuit 112, 
arid is thiBn supplied to a phase differ^hcd detecting clr- 

: c]uit1p4jasoniB input. . ^ ^ 
[10049] Qh the other harid; an o^ 
oscillating circuit 101, which can be constituted by, e*g., 
a yCO (Voltage Cbritrblled dscl|lator), is supplied to a 
120° energlzatiph wayefprm generating circuit. 102, to; 
generate a lio^ energization wayeform- for contrblling 
: the synchronous rhptor 8; This waveform is supiplied to; 
a PWM (Pui^p width Modujaiionj circuit 106, an output 
. of which cpnfrpi|^4H^^^ 

[bosp] The ypitagbphaise is t^ but firomihe output 
of the';120^' energlzatipn, w^vefomi generating circuit. 
ip2/and the takenrout voltage pihase Is supplfed to th^ 
phaise diflerpnce det^^^^ 

the phase difference 104 detects the 

phsise ylfferenc^^^ 
the square w^ 

of the 129^ eriprglzation wayefoTTn geh^ratihg clrctiit 
102 gni^ bufputs the same. This.phaseldifferenpe^te 
plified by an operation amplifier 1 05, and fed back to the 

iPSGil!iat|nig an?u 

:pf the^sci|lat|ng cir^^^ 

tile, termlnai voltage of thp^field coil 81 of the ^ynchro- 
hpus mptpr 8 js th fed black to thie cbntrpl iigrial pf the 
inverter "9 1 . Th erefprpi : imrpedi^teiy a counter lEjlectror 
rinoti ve|orc^;js generja 

gizatioh wav0fpmi generating drbuit 102 is Jadjusted 
based pn the couritpr eleptromotiye fprc^ so that the 
synchrpnbus.rnpt^^^ ihtp a commutation rtibde 

(sensorless rhd^^ 

[0(952] :1ri Ihp arcuit ^hpyyn i^ trig: S^^^e^ain of the 
pperation bas4cf on a.speed 

setting signal. T^ 

105 Is adapted to be in prppprtipn tp the speed setting 
signal ^p that the 5v^^ 

ajted' seemihgiy ber 
tween f he putpu| fi^uency of thpjpsdijatijfiig circuit 101: ^ 
. and the settihg TO isihe speed setting sig- 

hial, Is caiculated by a subtracter 1 0V, is amplified by the 
anrijDiifier ;id8 and is supplied to the PWM circuit 106. 
Tliei^^^ 

eheiTiiz£itl6n'yvavpfor^ generating drcult 102 is control- 
r\ejdii- - ' ■: ■ '^''■[ - : 'v: 

, [dd53] Fig. 4 is a qirpuii.diagram^^^^^^^ efnbod-i 
iment pf She VQltage detepting and wa^yefprm cbrirectinig 
c?ii-cuit 110: M ishown m hg. 4,:the yoltage^^^ . 
wayeform cbirectihg dlrcuif 110 can be constituted by; . 
for ekample;^a circuit provided three vblt^ge diyidT;. 
ing resistive element 1 21-^123 and an analpg switch 124. 
The resistive plenie are connected with 

each otherin series and one end of the resistive elertient 
121 is connected to an end of the fleld to^^ 81 pf 'ttie: 
s|ynchronoliis nrK>t6r k Further, the open end 0f the 
si6tiveilpnrterit122 is e^^ Ther^by>oltages divid- 
ed leased vpn the. resls^^^^^ ratio df the resistive ele- 



ments ,12^ , 122 can be defected as the terminal voltages 

of the fieid coil pi . And tlie detected voltage is supplied 

to the ihtegrating qlrpuit 111 to fbnrn an Integrated wave-. 

fpnm. . ' 

5 [0054] In this embpdirhent, the resistive elemeht 123 
. is connected In parallel tb the resistive eferneht 122. The 

resistive elerhent^l^^^ 
. menf 122 through an €|nalp^ svyitirfi 1^24 so f^ 

sistive>lement123 can be CO 
ip frofn the resiistive. element 1 22 at a desired timing. The 

analog swltbh^.^t^^ 

Gonfept switch such as. p^ tr^nsistpn Further, the 
analog switch 1 24;is changed over by a changeover sig- 
nal of theJnverter 91 (signal supplied fi^om the F»Wm clr- 

:?5 quit 106):, ' v - 

[005^ / With such a structure, the voltage division ratip 
pf theyoltage detectihig circ^ 

^ the iah^log swftclivl 24 only white a current (s supplied to 
. 20 trie $ynph ffbrti the Inverter 9i; the vblt- 

age divislph r^tio <)f the resistanbe is^c sb that 

the infjuenc^ of the voftage wayeform based on thetCur^ 
; reht $upp|iefdy;fipm t^ 

25 :ence to Fig. /i,iby d^cref 
ponpht tjaspd on 
yertpr bui of tfie voltage 

^he field -tipjir?^ the wa>^fpnrnl; cprtpctibn can : pe/per^ 
formed so that the; vblta^^^ 
30 on the counter elecfromipfee fofce^ c^ cohfiitned 

. (Fig.icj..,.: "v^^V^-v. 

[0057] In Fig. 5, an example of measurement of a cdr- 
srectedputput wayeform Is shown- The waveform shown 
in Fig;. 5 is a measured waveform bbtained' by uiSIng a 
■35- spprce yoitage of ac 42V: In a $ynphroiiibus'TO^ 

jng Q^pole^ sfrid thp ma}dmum oirtput <^ 1 ; . 

pulsiB IsL^irhsec In R 
quericy is 2,5P0fpm. : 

[0058] This waveform a mpasurenient result 6b- . 
"^0 talhedvi^hprt^^^ 

: (Rl) fe4pK^ 122 (R2) is 20KX2 

and the resi^h^e e^^nti?3 (i^ S^KQ. Is psedi^ 

•..shbvynJrvRg^ ."-^ \ , 

: . : [QPSjai] : Asal^^ a corfected 

'^5 j^eiitn^ 111V phase : 

•lead bf the counter elp^^^ . 
cpmes af^parehfe an^ Ijt cart be U^ the l^edbadk ' 
'•pontrQ|i^.;*'..^-,-;v;,V;;^ ''■'j. '. 

;tOQ60] .1^^ 

50 Itybf ah embodiments^ invpritlori is shpWn. 

^Hisfigura^^ 
syhchrbnbMs'rrioto^^^ 

quency altereheFg^ v\flth thp^abscjssa 

iniclii^tlng Jndippting nirtSrtionlr^ 
55 quency. 0^ cbhfmfibd 
that a brUshles^ sensprless mptpr apparatus according 
to the pr^spnt inventiph^ G^^ commutatipn 
mode<senspMes?,n^ . 
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\.. V9, ^^^^ \ E^^ .' ■ • 19: / 

.. This ls^^a^^^^^ - having 3 0^^ 

also dccuns even when the punip Is Ibacled, the sterling ; ' ' dpiltrol sigrial to the field doH ;(81) of the ^yhr 

time in this case : . chrprious motor (8), a^^ ' , 

talned by the no-loiad test. a voltage detecting hie^hs (110) for detecting. 

[0061] With the a . 5 a t^fmjhal yprt^ge of the 

to thi^ |3resent1n^^^ syrichronous motor (8)^^ ^ 

vided vvhiph issurt^^ , * . 

; ingpurtipfbran g^^ > . :chararterized^.b^ . . 

•oil pressure power ' - " , . [ ■']/ "'' ~. 

r^umng i^n especi^^ a waveform con-ectih<^ rfie 

^ .[OOi^ - / v ingttie;vpltag6.defe<^d by the 

v^icfi^^^^ ihg iri^ns (lip)^b^ 

' : y /: : vpitagiewave^^ 

;0<|?(3l^7:F^^ ' plied by the: inve^ 

whic^Pan be used \ravefprm basb^ elebtnofnoflVe 

•Irig ii ra^ *; : f ; foix^^jVbe^ ' . ' 

tfol^t^ su^^ V :generatif%^^ 

;I0P'?41 Furtheit^^ ; th^ IhV/^r^er ;(S1) p^in^ - 

: ^i6n/:thelje^^^^ 20 y ;ci)rt^^ 

andaimfethoiax^ % : ,(1^0)^ / f V- > / ■ 

^ ^tai^ and iJ^p r . ; ^ * ^ ^ - 5 ^ ^ ^ ^ / - ■ • 

[00^^::^^ 3; TKfe;ia|$psu;^S^^ 

aljOVi^it'^nW : A^yi^fohn 

c^Jart^d within^ ; is :fef d0cr^a^ih|^ irtfl^ by : 

vi0ii)O§I 0p^^ ; d^reSarsing fhe^ 

, 'Ihe :tir^ty:;0^^ Serial Noi: ■ . batsed on the V^G^ 

' 200144677 filed^^^^ (&i>trom th^ 

^^)rijary i-i;/ is incdrjpp- : : WaV^brm cot based 

i^ted.by:ref^ ■ • / ' . r ' : : . on^^ 

^ 0 I, ' ^ voltagfewaw 

■ ■ / * ' : fdrck-bftHe^richro^ 

^ ^. •■•••^ ;■ ; ^ "4: ; th»e^ap>paratus:^^^^^ ; 

^i; ^ ^ nrti^qd^ synchronqus : 35 ■ tftat th(^%y^rrTi^^i^^ 

motor (8) 11^ ; a yplt?|ge idi>%ing tSfcuji^ 

coil {statiphary ($"1) c»tT>pfisihg;^^ ' ^ : two seH^s^^ 

: ; . : -/ y^'^ '^^^ ^ J/^^ . bphneptedfo^^ 

; • ; ste|iting;fee$V^^ : (8):andgri^ 

V = -ar) AC cUH^ fi^quenf ■ ; -^o . tiVely c^nhMe^d In phP't^22) Pf the te- 

■ y cyttvfl^lieldtx){l(^^^ ; sisti\^ elemirit^-(t21/^^^ 

. W ;■• : . \ c|h2uif(H21024) 

. ' ;brthei^yir^^ discohhec^ibn 

; Jde^r^asjngt^A^^ 45 ^ with th^ putjput^^ (91): 

. ; er(91)^ : 5: /iri :6lectrie ' 
" \ /' a w^vi^fbm s^ 

i / ; r ponient-based Wn aMpquht^f eiePtro - 

c^^ ' : \; " [56 • 
; :gene>^ting=a 
myerteru^ 

. An iajpTpaft^ius lor e synchro- ^ • 

f ripiis rnptor (8y^ 55 

: a fii^ld cdii:($t^^ (81 )r comprising : ; 

• : : ah^lhv^rteW (91 ) fpr ^ufjpiyihg ^^n AC: pUh^rrt ; r \ 



U^e^iri a driving syst^^^^ ^eMng[ system of 

a ftibtorvehicierc^p - ■''] . " / 

a pump body (7) fbrtrar)^^ 

a synchronous rtiotfe the pump . 

. a:dn\rer(9)bf^ 

vyKeriBih the a^^^ 
of the syhchrbnous bf 
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claims 2 to 4 is used in said driver (9) of the syn- 
chronous motor (8). 
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■FIG. 1A 
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ELECTROMOTIVE FORCE- 



VOLTAGE WAVE FORM 
BASED ON AC CURRENT 
SUPPLIED BY INVERTER 
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